In today's intense competition environment, innovation levels of countries determine their competitive advantages. This study compares the innovation levels of Eastern European and Central Asian (EECA) countries using multi-criteria decision-making methods. The firm-level data set of the World Bank on innovation (BEEPS data) is used to evaluate innovation levels and capabilities of the countries in the region. In our proposed TOPSIS based methodology, countries are compared in terms of four different innovation types (New Product, New Organization, New Marketing, and New Process Innovations). Also, we provide an extensive sensitivity analysis to show the changes in the innovation rankings of the countries wıth different criteria weights.
INTRODUCTION
Innovation significantly fosters economic development of a country (Grossman & Helpman, 1991; Lema, Rabellotti & Sampath, 2018) . The most innovative firms of the world constantly find new ways to surpass customer demand by new and improved products/services. These firms are mostly originated from the most developed countries in the world. This also affects the innovation levels of the countries as shown in Figure 1 , which shows that the top five most innovative countries remain mostly unchanged from 2012 to 2015. Figure 2 shows the most innovative countries in 2019. According to these results, South Korea became the most innovative country in the world. Note that, South Korea was not in the top ten most innovative countries in 2015 ( Figure 1 ). This shows the fast-changing conditions of global competition.
Since developing countries face significant global competition (Nuruzzaman, Singh, & Pattnaik, 2018) , they need to spend more on research and development (R&D) to be more innovative. According to Wadho & Chaudhry (2018 , p.1285 , globalization and internet usage has made the competition increase to unprecedented levels. This situation affects developing countries worse due to their fragile economic situation, and poor financial and legal environment. Thus, national innovation policies have become more important in these countries (Veugelers and Schweiger, 2016) . This paper compares the innovation capabilities of countries in Eastern Europe and Central Asia (EECA). Although innovation policies in the region started with the European Union (EU) harmonization process, progress has slowed down during the 2008 global crisis and the following EU sovereign debt crisis. Researchers stress the need for developing sustainable competitive advantages through firm-level innovation activities in order to integrate into European and global production networks (Levenko, Oja & Staehr, 2019; Papava, 2018) .
Thus, our study contributes to our understanding of the implementation of innovation policies in EECA and makes it possible to identify which countries adopt innovative ideas and technologies.
So far, multi-criteria decision-making methods (MCDM) have been applied by very few of studies in the innovation literature. To the best of our knowledge, this study is the first one to apply an MCDM approach to evaluate innovation capabilities of countries in the EECA region. Our study uses the most up-to-date BEEPS survey data (2016) of the World Bank, which includes 32 EECA countries. In this paper, the firm-level innovation data of BEEPS are used to calculate country innovation levels using TOPSIS (Technique for Order Preference by Similarity to Ideal Solution). This paper is organized as follows. The relevant literature is summarized in Section 2.
The survey data are presented in Section 3. Section 4 summarizes the proposed methodology.
The results of the TOPSIS method and the sensitivity analysis are shown in Section 5. Section 6 summarizes the final remarks and future studies.
LITERATURE REVIEW
The literature review is conducted in two areas: (1) Innovation in EECA, and (2) Use of Multi-criteria Decision Making Approaches to Measure Innovation.
Innovation in EECA
Innovation policies in EECA mainly started during the European Union (EU) harmonization process through the introduction of the new regulation. These policies aim at boosting science and invention and thus they concentrate on high-tech sectors. However, although the process started in the 2000s, not much progress has been made in shifting these countries to global competitive economies. Tiits, Kattel, Kalvet & Tamm (2008) show that they are behind old EU member states and East Asian tigers in terms of the quality of the industrial structure. The literature on EECA mainly focuses on the institutional factors that affect the welfare and growth of these economies. Kattel, Reinert & Suurna (2011) argue that since the restructuring policies in the 1990s replaced the high-value sectors with low value-added ones, and since there is a weak administrative environment, these countries remain path-dependent. Specifically, Central European countries have specialized in the low-value added end of high-tech sectors, while Eastern European countries are specialized around low-tech sectors (Radosevic, 2005) .
McKinsey & Company 2013 Report argues that competing on labor costs alone is not sufficient and these economies must prioritize investing in knowledge-intensive manufacturing (Labaye et al., 2013) . Kravtsova and Radosevic (2012) discuss that Eastern European countries are inefficient in the sense that they cannot convert their innovation and production capabilities to productivity. The authors stress the need for change in the focus of R&D systems from knowledge generation to knowledge diffusion. Popescu (2014) points out that the FDI inflows to the EECA region were adversely affected by the 2008 Global Crisis and the 2011 Eurozone sovereign debt crisis. This slowed down economic growth rates and the catching up the process through foreign technology transfers. Thus, innovation activities of firms in the region have become one of the main factors that could help the region's growth and convergence (Grela et al., 2017) . Countries in Eastern Europe and Central Asia need to increase their competitiveness by participating more in Global Value Chain (Hagemejer and Muck, 2019) . However, inclusion into global flows depends on each country's internal capabilities such as access to multimodal transport (which affects exports performance), R&D intensity, and human capital stock (Smetkowski, 2018).
Use of Multi-criteria Decision Making Approach to Measure Innovation
Since 2000, the number of studies applying multi-criteria decision-making methods in economics has significantly increased (Zavadskas and Turskis, 2011) . However, this study is the first to investigate innovation scores of EECA countries using MCDM approaches.
In the literature, very few studies investigated innovation levels. Among them, Silva et al. (2017) Intellectual Property Organization). Using TOPSIS, they calculated the innovation scores of the countries. Despite the fact that they used the TOPSIS method and calculated innovation levels of countries similar to our study, we applied our methodology to EECA countries and used BEEPS data. Another study by Kaynak et al. (2017) used country-level data from several sources including the Global Competitiveness Index and Global Innovation Index to compare the Innovation levels of European Union candidate countries with entropy-TOPSIS method.
MCDM methods are also applied to country-level economic comparisons. Urfalıoğlu and Tolga (2013) ranked EU candidate countries (including Turkey) according to their macroeconomic indicators using various MCDM methods. Similar to Urfalıoğlu and Tolga (2013) , Mangir and Erdogan (2011) employed macro-level economic indicators to rank Turkey, Italy, Greece, Portugal, Spain, and Ireland which were severely affected by the 2008 global economic crisis using fuzzy TOPSIS method. Note that none of these studies analyzed innovation.
Another MCDM research avenue in the literature is to compare firms in terms of innovation. The performances of energy firms are analyzed by Li and Gao (2015) using entropy-TOPSIS method. Using the same method, the top five high-tech industries of China were evaluated by Chen (2017) . Again in China, 30 regions were classified according to their innovation levels by Nan and Tian (2011) . The barriers to green innovation for companies are analyzed by Gupta and Barua (2018) using fuzzy TOPSIS. Using the same method, Suder and Kahraman (2016) analyzed the innovation investments for companies.
DATA
In this study, we use data for more than 20,000 firms in the EECA region from the 5 th wave of the Business Environment and Enterprise Performance Survey (BEEPS 2012 (BEEPS -2016 .
The Enterprise Surveys use stratified random sampling which ensures that the data represents the population characteristics. The surveys cover firms in manufacturing and service sectors (ISIC Rev.3.1). In addition to the sector, the strata include firm location (geographic region) and size. The survey topics include several topics such as access to finance, sales, corruption, infrastructure, competition, taxation, informality, business-government relations, innovation, and performance measures. For our focus, we use questions regarding the innovation activities of the firms.
The survey questions focus on four different innovation types: New product, New Process, New Organization, and New Marketing Innovations. The firms are asked if they made an innovation in these areas in the last three years. If so, they answer "yes". To demonstrate the data, Table 1 shows a sample of the survey results of Turkish firms. Notice that the names of the firms are not revealed by the survey. If a firm answers "yes" to a specific innovation question, the relevant entry in the table is marked as one (otherwise, zero).
Using this raw data of the survey, the percentages of the firms reporting each innovation type for each country are calculated as in Table 2 . For instance, process innovation question was answered positively by 11.83% of Turkish firms. 
METHODOLOGY
The innovation levels of countries are compared by the TOPSIS method herein. TOPSIS method was developed by Hwang & Yoon (1981) and it is one of the most widely applied MCDM methods. It ranks the alternatives from the best (the most innovative) to the worst by distinguishing the scores of the alternatives from the positive ideal to the negative ideal. The resulting scores of the alternatives are normalized between 0 and 1.
This study assumes the equal significance of four different innovation types (New Product, New Organizational, New Marketing, and New Process Innovations). The proposed TOPSIS method uses the aggregate data of Table 2 as inputs and rank countries in terms of their innovation levels as explained in detail in Section 5.
RESULTS
Using the input data presented in Table 2 , the standardized decision matrix is obtained (Table 3) by normalizing all values with the square root of the sum of square values of each column. As an example, New Process Innovation value of Turkey is standardized according to:
0.0928 = 0.1183/√(0.0472 2 + 0.0583 2 + ⋯ + 0.0179 2 ).
The weighted standardized decision matrix is then found by multiplying the standardized decision matrix values with the corresponding criterion weight as given in Table   4 . Note that the weights of all innovation types are assumed to be 25 percent. The positive and negative ideal solutions are calculated as in Table 5 . As the innovation types are "benefit" type criteria in our study, the negative (positive) ideal solution of a given criterion is the minimum (maximum) weighted standardized decision value of that criterion. Table 5 reports the positive and negative ideal solutions. As the next step, the distance of each country from the positive ideal solution is calculated by taking the square root of the differences of the values found in Table 4 In the TOPSIS method, an alternative is considered to be better if it is close to the positive ideal and away from the negative ideals. Table 6 reports Table 7 shows the relative closeness values of all countries. Note that the values in Table   7 are also regarded as the innovation scores of the countries (1 being the best and 0 being the worst).
The ordered innovation scores are presented in Table 8 . According to these country rankings, the most innovative countries are Kosova, Romania, and Belarus. Among them, the score of Kosova is 1.00, which makes Kosova the best country in terms of four innovation criteria of this study. The second most innovative country, Romania, has a score of 0.79337, which is not close to the score of Kosova.
According to Global Innovation Index (GII) 2018 (World Intellectual Property
Organization, 2018), the most innovative country is Estonia and the least innovative country is Tajikistan ( We believe that these unexpected results are due to the initial values of the survey. As can be seen in Table 2 , Kosova largest percentage of innovator firms (firms reporting "yes" to innovation activities). Specifically, the percentages of firms that responded "yes" to questions regarding Product Innovation, Organizational Innovation, Marketing Innovation, and Process Innovation are 53.47%, 52.48%, 54.95%, and 41.09%, respectively.
Our results reveal that although the BEEP Survey and more generally the Enterprise Surveys are widely used in the innovation literature, they suffer from response-bias. The problem could be the acquiescence bias that is; firms are more likely to say "yes" if they are required to agree/disagree with the statement. Another bias could result from the respondents' expectations of the survey. If they think that they are expected to say "yes" to innovation activities, they can alter their response to match expectations. Therefore, we believe that researchers should approach with caution when using these surveys. One of the major contributions of our paper is that we showed that some answers of this survey may be misleading although it is widely used in the literature. 
Sensitivity Analysis
The most important innovation capabilities of a country are new product and new process innovations. These two are commonly known as technological innovations and can help countries to improve their competitive advantages. Therefore, in this section, we reevaluate the country rankings using higher weights for new product and new process innovation capabilities.
In the sensitivity analysis, various scenarios are tested to see the effects of the increased weights of new product and new process innovations. All steps of the TOPSIS method have been conducted and the final rankings of the countries are found for all scenarios. Table 9 summarizes the sensitivity analysis of the results. In the sensitivity analysis, seven different scenarios are tested. The weight of each innovation type (new product or new process) is considered as 50%, 75% and 90%, where all other non-technological innovations are considered as equal importance. Also, in the last sensitivity analysis scenario, the weights of new product and new process innovations are increased to 40% to see the changes in the results.
These results are compared to our original results in which all weights are 25%.
The results show that the change of the weights does not significantly alter the ordering of the most innovative countries. The first place is still Kosova, however, 2 nd and 3 rd places change. For example, Belarus is placed 2 nd when new process innovation has higher importance, but it becomes 11 th and 12 th as the weight of new product innovation increases. This shows that On the other hand, some countries perform better than their original ranking as the weights of the new product or new process innovations increase. For example, Czech Republic is placed 9 th in the original ranking, however, its ranking increased significantly (up to 2 nd place)
as the weights of new product or new process innovations increase. This result shows that Czech Republic mainly focuses on new product and new process innovation. The same sensitivity analysis has been conducted for EU member countries and nonmember countries as given in Tables 10 and 11 . Note that, all steps of the TOPSIS method have been completed for both EU member and non-member countries. The results confirm the ones found in Table 9 and show the differences between the countries in terms of their success on new product and new process innovations. Similar to our finding in Table 9 , the ranking of Turkey among the non-member countries (Table 11) does not significantly change which again indicates the balanced innovation structure of Turkey. However, the relatively low ranking of Turkey also suggests that there is still much to be done to improve the innovation capabilities of Turkey.
This study uses MCDM methods to evaluate innovation levels of EECA countries for the first time in the literature. Using the well-known BEEPS data set of the World Bank (the latest version, 2016), TOPSIS method is used to rank countries in terms of innovation levels.
This survey includes random sampling of firms from different sectors (e.g., information technology, food, garment, transportation) representing the entire economy of a country. The four innovation types (New Product, New Organizational, New Marketing, and New Process Innovations) reported in the BEEPS data are used as input values in the TOPSIS method.
The TOPSIS results indicate Kosova as the most innovative country in EECA category.
The rest of the top five countries are found as Romania, Belarus, Greece, and Kyrgyzstan.
Turkey is ranked very low (26th among 32 countries). The sensitivity analysis showed that the results do not change significantly for most of the countries, including Turkey. However, some countries (e.g., Czech Republic) are ranked significantly higher as the weights of new product and new process innovations increase because of their higher technological innovation capabilities. Reversely, the rankings of some countries (e.g., Macedonia and Kyrgyzstan) become lower as the weights of new product and new process innovations increase due to their main focus on new marketing and new organization innovations. Turkey's ranking does not significantly change according to different criteria weights because it has balanced innovation scores for all innovation types.
Despite its unexpected low score, Turkey has a very significant potential innovation because of its unique and critical geographical position between the East and West. According to the results of this study, Turkey's low score is caused by its engagement in marketing and organizational innovation. Also, Turkey's technological innovations (i.e., process and product innovations) are not very high. However, technological innovations are key to increase the competitive advantages for the firms. Therefore, Turkey should focus on technological innovations to increase the innovation capacity of the country and increase economic growth through innovation.
The main limitation of this study is that our methodology only uses BEEPS data. The results showed that some developing countries (e.g., Kosova, Romania, and Belarus) may have exaggerated their innovation results in this well-known data set. To address this issue, this study can be enriched by including other innovation data sets. Also, only EECA countries are compared in this paper. However, Turkey also competes with other developing countries in various regions (e.g., Brazil or India). As another future work, the criteria weights will be calculated by surveying the innovation experts and a fuzzy MCDM method will be used to better capture the uncertainties in the data.
